Analysis of the time variation of voltages and currents in a two-wire long line
In paper [l] were given conditions for existence and uniqueness of the solution of the mixed problem for a hyperbolic system of partial differential equations.
The aim of Section 1 of the present paper is to give an example of application of such a system to the analysis of the time variation of voltages and currents in a two-wire long line. This is an important problem in studying systems with distributed parameters.
In Section 2 we prove the stability of the difference scheme and, further, we find a stable solution of the hyperbolic system by using the theorem of Lax. The stability of the difference scheme depends on the conditions imposed on the coefficients of this system on which the spatial step ¿x and the time step h are depending. The conditions satisfied by A x and h and the relation between them will be expressed by two theorems.
Let be given the system (1.1) 1^(0,t) = ct u.,(l,t) = 0 u2(0,t) = Ct u2(l,t) = 0 for t > 0, where R.| (R2) is the resistance by unit of length of the first (second) wire, Cll ( C 22^ is ca P acit y ^e i'i rs ' f; (second) wire with respect to the earth, C.J2 "the capacity between the first and the second wire, G.j (G2) the leakage conductance of the first (second) wire, M denotes the mutual inductance, L^ (L2) the inductance of the first (second) wire, C+ (C. ) the time variation of the feeding voltage for t1 t2 the first (second) line at the origin x = 0 of the first (second) line for t ^0.
The problem (1.1)-(1.4) describes a. certain time variation of the voltages u^(x,t), u2(x,t) and currents i^(x,t), i2(x,t) in a two-wire long line.
Differentiating side by side the equations of system (1.1) with respect to x and system (1.2) with respect to t, by way of elimination we obtain 
The system of equations (1.5) will be replaced by a system of difference equations under the imposed initial conditions (1.3) and boundary conditions (1.4), according to the scheme given in figures 1 ana 2. At the same time, this scheme yields an algorithm for the numerical analysis of the voltages u-jixjt) and u 2 (x,t). Calculations are performed by means of computers.
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then we can replace the system of equations (1.5) by the following system of difference equations
1 1 
In order to express the initial conditions (1.3) by the difference scheme we shall make use of the relation (1.12)
Prom (1.3) and (1.13) the following conditions follow
(1.14)
Under the imposed initial conditions (1.14) and boundary conditions (1.4) "the formulas (1.11) and (1.12) represent the algorithm for the calculation of the time variation of voltages in a two-wire long line with given parameters a^ and b^ -933 - 2,...,6) . This being done, we can similarly find the time variation of currents in a two-wire long line. The problem (1.1)-(1.4), dealing with the time variation of voltages in a two-wire long line, can be generalized to the case of an m-wire long line. To this aim one needs only to proceed in a similar way as in the case of problem (1.1 )|-(1.4). The difference will be in the description of the m-wire long line. As result Of this description we shall get m partial differential equations of order m.
The stability of a system of hyperbolic partial differential equations
In order to find the stability conditions for the system (1.5) first we shall deal with the system (2.1) 2) a 1 >0, b 9 > 0, a^g-a^X) and which cannot occur. Thus Theorem 1 has been established. From its proof follow the conditions which are to be satisfied for the system (2.1) to be stable. then the system (1.5) is stable. Proof. In view of (2.4) we have the difference acheme (1.9)'of system (1.5) in the form 
we may rewrite the equality (2.12) in the form (2.13) (v+P)(w+q) = r representing a homographie function, similar to (2.6). The variables v and w are the same known values and the parameters P,q,r have to satisfy the conditions which have been imposed on the parameters a,c,d. Prom (2.13) we have v = ^fg-P* since -2*sv^2, -2<w«2, we get the inequality _ 942 - for a^ > 0, b2> 0, C.,>0, C4>0. Case 5. For P>2 this case cannot occur, since then the spatial and time steps would not tend to zero' which would bein contradiction with the theorem of Lax on the difference scheme. This ends the proof of Theorem 2.
Taking into account all the conditions obtained by solving the inequalities (2.7) and (2.14) or the conjunction of the inequalities expressed in equivalent form by formulas (2.8) and (2.">5), we can now find the conditions that are to be satisfied by ax, h and 6" = under which the system of difference equations (1.9) is stable. These conditions depend on the coefficients a^ and bi for i = 1,2,...,6. In our case it is enough to determine the conditions that are to be satisfied in the considered five cases.
For the first case, where c < -2 ana ? < -2, we have 0 < A x < min and under the following assumptions: a.2>0, b^>0, bp> 0, C^<0, Cy> 0, £¿>0 and a^'o^-a^b^O. ..¡oreovar, the • pairs of coefficients (a^jag), (b^,b-j, (b^,bg) have the sa;iie signs.
As shown scove, the second case, vrhare c = -2 end F = -2, cannot occur. Under the above given conditions imposed on .ax and 0" , and consequently on h = O-AX, the system of difference equations (1.9) is stable. From its stability follows, by the • theorem of Lax, if AX and h tend to zero, that the system of hyperbolic equations (1.5) is stable, too.
